Z. Wang 2 



I Claim: 



a comparator that i 
with the generated minimum 



anii 



A receiver for identifying a menage based upon a received signal, the receiver 
comprising: 

a processor that generatejs a minimum threshold and a maximum threshold 
representing a variable range forf each of a plurality of possible message levels, 
and 



identiftes the message by comparing the received signal 
maximum thresholds. 



2.) The receiver according to claim 1, wherein the minimum and maximum 

thresholds are a function of an interrelationship between noise and the message 
level. 



3.) The receiver according to claim 2, wherein the minimum and maximum 

thresholds are a function of the interrelationship between digital impairment and 
the message level. 



4.) The receiver according to claim 2, wherein the minimum and maximum 

thresholds are a function of the interrelationship between coherent noise and the 
message level. 
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1 5.) The receiver according to claim 1, wherein the generated minimum and maximum 

2 thresholds define a range wherein the probability of correctly receiving a selected 

3 signal exceeds a selected probability PO. 

1 6.) The receiver according to claim 5, wherein the processor includes a means for 

2 calculating the mean value, Lev(i), within a selected range defined by a selected 

3 set of minimum and maximum thresholds. 

1 7.) The receiver according to claim 6, wherein the processor includes a means for 

2 calculating a distance d(i) between received signal levels, the distance d(i) being 

3 calculated according to the equation: 



m 

i J 4 d(i) = Le v(i+ 1 ) - Le v(i) - Lmse(i+ 1 ) - Lmse(i) , 

n 

,11 5 wherein the term "i+l" identifies a message level adjacent the i message 

Q 6 level in the constellation design for the receiver and wherein Lmse(i) is the level 

y s 

J==^ 7 mean square error for the i^ message level. 

1 8.) The receiver according to claim 7, wherein the distance d(i) > dmin for all message 

2 levels. 



1 9.) The receiver according to claim 1, wherein the processor includes means for 

2 determining a distance d(i) between received signal levels, the distance d(i) 

3 having different values for a plurality of message levels. 
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6 
7 



A method of forming a constellation 
message levels, the constellation des 



deteraiined minimum and maximu 



design having a selected number of (i) 
gn forming part of a receiver that identifies a 
transmitted message based upon a re :eived signal, the method comprising: 

, determining a minimum thres hold and a maximum threshold representing 
a variable range for each of a plurality of possible signal levels, and 

calculating the distance d(i) tetween possible signal levels based upon the 

thresholds. 



1 



1 11.) The method according to claim 10, wherein the determining step comprises the 

2 steps of: 

3 identifying a probability density function for each possible signal level Y, 

4 and 

5 identifying the minimum and maximum thresholds as the boundaries of a 

6 range in the identified probability density function wherein the probability of 

7 correctly receiving a selected message level exceeds a selected probability PO. 



1 12.) The method according to claim 11, wherein the step of identifying the probability 

2 density function comprises the steps of: 

3 transmitting data points to the receiver, and 

4 recording the received signal level associated with each of the transmitted 

5 data points. 
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1 13.) The method according to claim 10, wherein the step of calculating the distance 

2 d(i) between received signal levels further includes the steps of: 

3 determining the mean value, Lev(i), for a selected variable range 

4 identified by a selected set of minimum and maximum thresholds, and 

5 calculating the distance d(i) as a function of Lev(i). 

1 14.) The method according to claim 13, further including the step of calculating the 

2 distance d(i) in accordance with the equation: 

3 d(i) = Lev(i+ 1 ) - Le v(i) - Lmse(i+ 1 ) - Lmse(i) ; 

^ 4 wherein the term "i+l" identifies a message level adjacent the i^ message level 

!r» 5 in the constellation design for the receiver and wherein Lmse(i) is the level mean 

th 

hj 6 square error for the i message level. 

O 1 15.) * The method according to claim 13, further comprising the step of identifying 
1:^^ 2 whether the calculated distance d(i) > dmin, wherein dmin represents a selected 

= 

3 minimum value. 

1 16.) The method according to claim 15, further comprising the step of adjusting the 

2 constellation design such that the distance d(i) > dmin for all received signal levels 

3 in the constellation design. 

1 17.) The method according to claim 12, further comprising the step of calculating the 

2 mean value, Lev(i), according to the equation: 
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3 Lev(i)=^f^m), 

^ 1 = 1 

4 wherein L(i) is the training data received by the receiver, and 

5 N is the number of times training data for the i^ level is sent. 



1 18.) The method according to claim 17, further comprising the step of calculating the 

2 standard mean square error, o^, according to the equation: 

3 a'^-^f^[Lii)-Lev{i)f. 



3 
4 



2 
3 
4 
5 
6 



19.) The method according to claim 18, furtHer comprising the step of calculating the 
Lmse(i) according to the equation: 
Lmse = ao^ , 

where a meets the following 



P0 = 



, where PO is 



a selected probability. 



1 20.) A receiver for identifying a transmitte 1 



receiver comprising: 

a processor for generating a cobstellation design having a minimum 



threshold and a maximum threshold for 



may differ between possible signal levi 



message based upon a received signal, the 



each of a plurality of possible signal 



levels, the minimum and maximum thr jsholds representing a variable range that 



dls, and 
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a comparator that identi] 



les the transmitted message by comparing the 
received signal with the generatbd constellation design and that generates an 
output signal representative of t le transmitted message. 

21.) A method of identifying a message based upon a received signal, the method 
comprising: 

receiving the signal, 



generatmg a nummum 
variable range for each of a 

identifying the message 
generated minimum and maximum 



th :eshold and a maximum threshold representing a 
plurality of possible message levels, and 

y comparing the received signal with the 
thresholds. 



22. ) The method according to claim 21 , wherein the minimum and maximum 

thresholds are generated as a function of an interrelationship between noise and 
the message level. 

23. ) The method according to claim 22, wherein the minimum and maximum 

thresholds are generated as a function of the interrelationship between digital 
impairment and the message level. 



24.) The method according to claim 22, wherein the minimum and maximum 

thresholds are generated as a function of the interrelationship between coherent 
noise and the message level. 
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The method according to claim 21 jwherein the generating step includes the step 
of calculating a variable range Lm:ie(i) for each possible message level Y, 
Lmse(i) representing one-half the distance between the minimum and maximum 
thresholds for each possible message level, wherein the minimum and maximum 



thresholds define a range wherein 
signal exceeds a selected probabi 



1 



the probability of correctly receiving a selected 
ity PO. 



1 26.) The method according to claim 25, further including the step of calculating the 

2 mean value, Lev(i), within a selected range defined by a selected set of minimum 

3 and maximum thresholds. 

1 27.) The method according to claim 26, further including the step of calculating a 

2 distance d(i) between received signal levels, the distance d(i) being calculated 

3 according to the equation: 

4 d(i) = Lev(i+1) - Lev(i) - Lmse(i+1) - Lmse(i). 

1 28.) The method according to claim 21, further including the step of determining a 

2 distance d(i) between received signal levels, the distance d(i) having different 

3 values for a plurality of message levels. 



1 29.) The method according to claim 28, wherein the step of calculating the distance 

2 d(i) between received signal levels further includes the steps of: 
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3 determining the mean value, Lev(i), for a selected variable range 

4 identified by a selected set of minimum and maximum thresholds, and 

5 calculating the distance d(i) as a function of Lev(i). 




1 30.) The method according to claim 28, further comprising the step of identifying 

2 whether the calculated distance d(i) > dmin, wherein dmin represents a selected 

3 minimum value. 




6 
7 



31.) The method according to claim 30, further comprising the step of adjusting the 

constellation design such that the distance d(i) > dmin for all received signal levels 
in the constellation design. 



The method according to claim 21, wperein the generating step comprises the 
steps of: 

identifying a probability density function for each possible signal level Y, 

and 

identifying the minimum and maximum thresholds as the boundaries of a 
range in the identified probability density function wherein the probability of 
correctly receiving a selected message level exceeds a selected probability PO. 



1 33.) The method according to claim 32, wherein the step of identifying the probability 

2 density function comprises the steps of: 

3 transmitting data points to the receiver, and 
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5 



recording the received signal level associated with each of the transmitted 
data points. 



4 
5 

Q 



34.) The method according to claim 33, further comprising the step of calculating the 
mean value, Lev(i), according to the equation: 

Lev(i)=^f^L(i), 
^ 1=1 

wherein L(i) is the training data received by the receiver, and 
N is the number of times training data for the i* level is sent. 



35.) 




3 
4 



The method according to claim 34, further comprising the step of calculating the 
standard mean square error, o^, according to the equation: 

The method according to claim Is, further comprising the step of calculating the 
Lmse(i) according to the equatio^: 
Lmse = ao^, 

where a meets the following 



P0 = 



, where P3 is a selected probability. 
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